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TRANSONIC AERODYNAMIC CHARACTERISTICS OF A HORIZONTAL TAKE-OFF AND

LANDING REUSABLE BOOSTER HAVING VARIATIONS IN WING PLANFORM*

By Bernard Spencer, Jr., Beverly Z. Henry, Jr.,

and W. Pelham Phillips
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SUMMARY

An investigation has been made in the Langley high-speed 7- by lO-foot tun-

nel at Mach numbers from 0.40 to 1.13 to determine the aerodynamic characteristics

of a preliminary design manned, horizontal take-off, horizontal landing, reusable

booster configuration having advanced turboramjet engines for propulsion. Three

wing planforms were tested with the basic fuselage-englne arrangement, and

included a 75° delta wing, a 75° modified arrow wing, and a 70o-80 ° cranked wing.

Horizontal stabilizers were located at the base of the engine package. The

effects of vertical-tail size and location were also investigated.

A comparison of the transonic longitudinal aerodynamic characteristics of

the 75 ° delta, 75 ° modified arrow, and 70o-80 ° cranked wing configurations, having

approximately equal planform areas and maximum thickness ratios, indicates that

the 75 ° modified arrow wing exhibited lower minimum drag and drag due to lift,

and higher values of untrimmed maximum lift-drag ratio, than either the 75 ° delta

or the 70o-80 ° cranked wing configuration, throughout the Mach number range of

the investigation. The low-llft aerodynamic-center shift due to increasing Mach

number was approximately equal for the three wing planforms.

Low values of control effectiveness at low angles of attack resulted from

deflection of the horizontal stabilizers at -30 ° dihedral. Large increases in

effectiveness accompanied increases in angle of attack. The horizontal stabilizer

was sufficient, however, to trim the configuration at moderate lift coefficients

and angles of attack at all test Mach numbers. The 75 ° modified arrow wing con-

figuration having the horizontal stabilizer on at -30o dihedral, and the small

center vertical tail, exhibited directional stability to approximately i0° angle

of attack. Increasing the center-vertical-tail area and the addition of out-

board vertical tails increased the directional stability of the configuration up

to angles of attack of approximately 16 °, with slight reductions in lift coeffi-

cient above 12 ° angle of attack resulting from addition of the outboard vertical

tails. The modifications to the vertical-tail geometry had little or no effect

on the low-lift longitudinal aerodynamic characteristics of the configuration.

Only slight effects of increasing Mach number on the lateral-directional charac-

teristics of the configurations were noted. The largest directional destabilizing

effect at the higher angles of attack was caused by the fuselage at all test Mach

numbers. All configurations exhibited positive effective dihedral through the

test angle-of-attack range and at all test Mach numbers.

*Title, Unclassified.
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INTRODUCTION

The National Aeronautics and Space Administration is currently conducting

general research programs to determine the aerodynamic characteristics of config-

urations having application as manned recoverable boosters. Basic mission

requirements for vehicles of this nature encompass either horizontal or vertical

take-off, with release of upper stages in the hypersonic speed rang% and glide

return with conventional horizontal landings. The desirability of such configu-

rations, from both economic considerations and the capability of widening choices

of landing or launch sites becomes greater as the frequency of inserting payloads

into orbit increases. The anticipated aerodynamic problem areas for a vehicle

encountering such a large range of Mach numbers include the provision for com-

patible levels of longitudinal and lateral stability at all flight Mach numbers

while maintaining low transonic and hypersonic drag characteristics. Suffi-

ciently high lifts and lift-drag ratios are necessary for take-off and landing

on existing runways.

The aerodynamic characteristics of several multistage rocket-powered vehi-

cle concepts having recoverable first-stage boosters have been reported in
references 1 and 2. These vehicles include vertical and horizontal take-off

configurations, with the various stages arranged in tandem. Although tandem

staging possibly reduces problems of stage separation (as compared with inter-

nally carried upper stages# for example), the extreme center-of-gravity and

center-of-pressure shifts resulting from stage separation could present major

problem areas in stability considerations. Internal carriage of the upper stages,

while minimizing center-of-gravity travel, could also reduce total configuration

wetted area and the overall drag of the configuration.

The purpose of the present investigation was to determine the transonic

aerodynamic characteristics of a preliminary design first-stage horizontal take-

off and landing recoverable booster configuration having advanced, hydrogen-

fueled, turboramjet engines for propulsion. The inlets for these engines were

shoulder-mounted and designed to operate in the wing pressure field at reduced

Mach numbers, for a free-stream Mach number of 8.0. The unmanned upper stage was

considered as carried internally, with stage separation to occur at a velocity of

approximately 8,000 to lO, 000 feet per second at altitudes between 95,000 and

125,000 feet. The payload-in-orbit weight was assumed to be 2,000 pounds for a

300-nautical-mile orbit and is considered suitable as a supply package for an

orbiting space station. Take-off gross weight of such an assumed system was

estimated to be about 100,000 pounds. The aerodynamic characteristics were

determined for the basic fuselage-engine arrangement with each of three wings

differing in planform but having approximately equal wing area and maximum thick-

ness ratio. These planforms included a 75° delta wing_ a 75 ° modified arrow

wing, and a 70o-80 ° cranked wing.

Tests were made in the Langley high-speed 7- by 10-foot tunnel at Mach

numbers from 0.40 to 1.13 with a maximum angle-of-attack range, from approxi-

mately -5 ° to 22° at sideslip angles of 0° and -5 ° . The range of average test

Reynolds numbers per foot varied from approximately 2.5 X l06 to 3.7 x l06.
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SYMBOLS

Longitudinal data of the investigation are referred to the stability axes
and the lateral data to the body axes with all forces and momentsnondimension-

!

alized with respect to the planform area, root chord, and span of the corre-

sponding wing. The center of gravity was located longitudinally at approximately

66 percent of the theoretical body length (including the engines) behind the body

apex and vertically 1.44 percent body length below the engine thrust line for all
tests unless otherwise noted.

A aspect ratio, b2/S

b wing span, ft

CD drag coefficient, Drag
qS

CD, i induced drag coefficient, CD - CD, °

CD,i/CL 2 drag-due-to-lift parameter

CD, o drag at CL = 0

CL
Lift

lift coefficient, qS

CL
OL

lift-curve slope at _ = 0°, per deg

C_ rolling-moment coefficient, Rolling moment
qSb

ct_ effective-dihedral parameter, zNZZ/Z48, per deg

C m pitching-moment coefficient, Pitchin G moment
qScr

Cmit
horizontal-stabilizer control effectiveness parameter, per deg

_Cm/_CL longitudinal-stability parameter

C n yawing-moment coefficient, Yawing moment
qSb

Cn_ directional-stability parameter, Z_n/Z_3 , per deg
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Cy

Cy6

c

c r

it

L/n

Z

M

q

S

t

x

Y

Pt

Subscripts :

max

trim

side-force coefficient, Side force
qS

side-force parameter, ACy/f_, per deg

local chord, ft

wing root chord, ft

horizontal-stabilizer incidence angle (positive with trailing edge

down, measured in vertical plane), deg

lift-drag ratio

fuselage length, ft

Mach number

dynamic pressure, ib/sq ft

wlng planform area, sq ft

thickness, ft

fuselage longitudinal ordinate, ft

fuselage lateral ordinate, ft

horizontal-stabilizer dihedral angle (positive with tip chord up),

deg

maximum

trimmed condition

near-zero angle-of-attack condition

Model components:

wl

W 2

w3

B

H

V I

75 ° delta wing, S = 0.758 sq ft, A = 1.075

75 ° modified arrow wing, S = 0.758 sq ft, A = 0.894

70o-80 ° cranked wing, S = 0.709 sq ft, A = 0.856

fuselage

horizontal stabilizer, (0.053) S(wing i) (total exposed area)

small center vertical tail, (0.i00) S(wing i) (total exposed area)
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V2

Vo

large center vertical tail, (0.225) S(wlng l) (total exposed area)

outboard vertical tails, (0.136) S(wing i)

MODEL

The model of the present investigation represents approximately a 1/60-scale

version of a preliminary design horizontal take-off and landing recoverable

booster configuration using advanced, hydrogen-fueled, turboramjet engines.

Gross weight at take-off was estimated to be about i00,000 pounds. All fuel was

assumed to be contained within the fuselage which was sized to provide suffi-

cient fuel for acceleration of the system to about i0,000 feet per second with a

5-minute cruise capability at this velocity. The fuselage utilized a modified

(y Ymax x2/31 and had a height-width ratio of approxi-2/3-power forebody shape =

mately 2 with flat sides. This cross section was selected to provide large

volumes for fuel storage ahead, behind, and above the payload bay to reduce

center-of-gravity shift between take-off (fully loaded) and landing (empty)

configurations. Boattailing of the afterbody was used to reduce transonic-

subsonic drag.

Relative placement of wing leading edges and inlet lips was determined by

assuming that the inlets operated at a reduced Mach number in the wing pressure

field. The ratio of the inlet capture area to the reference area of wing i was

approximately 0.0176. Design conditions were for a free-stream Mach number of

8.0 and an angle of attack of 8° , as referenced to the configuration thrust line.

The wings were designed to have a flat lower surface to serve as a ramp for the

engine inlets. Inlet external compression surfaces were not included in the pre-

liminary studies of the present configurations. Drawings and dimensions of the

various models and components tested are presented in figure i, with pertinent

geometry of the various wings listed in the table of figure i. Photographs of

the 75° delta wing configuration (WIBV2H) are presented as figure 2.

Three wing planforms, consisting of a 75° delta, a 75° modified arrow, and

a 70o-80 ° cranked wing, were tested with the wing sections having modified wedge

airfoils. Leading-edge radii based on sweep and maximum temperature considera-

tions were determined for each wing. (See fig. i.) The wing maximum thickness

was located at the 75-percent wing-chord stations.

Longitudinal control was provided by all-movable horizontal stabilizers

located near the engine exits with maximum incidence of -20 ° and maximum dihedral

of -60 ° obtainable for each horizontal stabilizer. The airfoil sections of these

stabilizers were designed similar to the wings, in that the leading-edge radii

were determined from sweep and temperature considerations and maximum thickness

occurred at the 75-percent stabilizer-chord station presented in figure i.
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Location for the vertical tails tested included a center-line location for

wings i, 2, and 3, and an additional outboard vertical tail for wing 2. A large

and a small center vertical tail having ratios of exposed area to reference area

(wing i) of 0.225 and 0.i00, respectively, were tested. Wedge airfoil sections

were used for the small center vertical tall (fig. l(b)), and flat-plate sections

with round leading edge and beveled trailing edge were used for the large center

vertical tail (V2). Half-wedge airfoil sections were used for the outboard

vertical tails (Vo). (See fig. l(b).) The ratio of the total outboard-tail area

to reference area (wing i) was 0.136.

TESTS AND CORRECTIONS

The present investigation was made in the Langley high-speed 7- by lO-foot

tunnel in the range of Mach numbers from 0.40 to 1.13, corresponding to average

test Reynolds numbers per foot varying from approximately 2.5 X lO6 to 3.7 X lO 6.

The model was sting supported with forces and moments measured by use of a six-

component internally mounted strain-gage balance. The maximum angle-of-attack

range of the investigation was from approximately -5° to 22 ° at 0° and -5 ° of

sideslip.

For all tests, transition was fixed on the wings, horizontal stabilizers,

and vertical tails at the lO-percent-chord station by using No. 180 (O. O055-inch

nominal diameter) carborundum grains, as determined by the method described in

reference 5.

Corrections to the angle of attack and angle of sideslip due to deflection

of the sting and balance under load have been applied to the data herein. The

drag has been adjusted to correspond to a condition of free-stream static pres-

sure in the base regions with corrections for momentum and internal skin-friction

losses due to restricted airflow in the inlets.

PRESENTATION OF RESULTS

The basic data and summary lateral and longitudinal aerodynamic character-

istics of the configurations tested are presented in the following figures:

Effects of wing planform on the longitudinal aerodynamic character-

istics of the configuration with horizontal stabilizer off; small

center vertical tail (V1) on; M = 0.40 to 1.15 ............

Effects of wing planform on the longitudinal aerodynamic character-

istics of the configuration with the horizontal stabilizer on;

small center vertical tall (V1) on; M = 0.40 to 1.13 .........

Figure
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Longitudinal control characteristics associated with deflection of

the horizontal stabilizer for configurations with the three wing

planforms; small center vertical tail (VI) on; M = 0.40 to 1.13

Effects of horizontal-stabilizer incidence and dihedral on the

longitudinal aerodynamic characteristics of the configuration

with the 75° modified arrow wing (W2) ; small center vertical

tail(Vl)on;M : O.40 to i.13 ....................

Effects of outboard vertical tails (Vo) on the longitudinal aerody-

namic characteristics of the configuration with the 75 ° modified

arrow wing (W2) ; center vertical tails off; M = 0.40 to 0.80 .....

Effect of small center vertical tail (VI) on the lateral-directional

characteristics of the 75 ° modified arrow wing (W2) configuration

having various model components in combination; M = 0.40 to 1.13

Effects of vertical-tail size and location on the lateral-directional

characteristics of the modified 75 ° arrow wing (W2) configuration

having various model components in combination; M = 0.40 to 1.13

Summary of longitudinal characteristics of the three wing planform

configurations:

(a) Horizontal stabilizers off ...................

(b) Horizontal stabilizers on ...................

Summary of the trimmed lift and lift-drag ratio characteristics for

the three wing planform configurations; M = 0.40 to 1.13 .......

Summary of the trimmed lift and lift-drag ratio characteristics for

the three wing planform configurations throughout the trimmed

angle-of-attack range at low subsonic speeds .............

DISCUSSION

Figure

6

lO(a)
lO(b)

ii

12

Basic longitudinal aerodynamic characteristics of the various configurations

and model components in combination are presented in figures 3 to 7. Summary

plots of the lateral aerodynamic parameters Cn_ , Cy_, and CI_ are presented

in figures 8 and 9, with summary plots of the longitudinal aerodynamic parameters

CL , (L/D)max, _Cm]_CL, CD,i]CL 2, and CD, o being presented in figure I0.

The longitudinal trimmed characteristics associated with the three wing planform

configurations are presented in figures Ii and 12. Most of the discussion is con-

fined to the summary figures except for pertinent observations to be noted from

the basic data.
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A comparison of the lift, drag, and pitching-moment variations with angle of

attack for the three wing planform and fuselage configurations at a Mach number

of 0.40 is presented in figure 3(a). Although the lift-curve slopes (near

= 0°) for the configurations with wings i and 2 are approximately the same,

higher values of lift coefficient are indicated for the W2BV I configuration

throughout the angle-of-attack range investigated. Slightly lower values of CD, o

are also indicated for the W2BV I configuration, as compared with the WIBV I and

W3BV I configurations, with the result that higher untrimmed values of (L/D)max

occur for the 75 ° modified arrow wing (W2). Similar results are noted throughout

the range of test Mach numbers (see figs. 3(b) to 3(g)) and are summarized in

figure 10(a), which indicates that thetj%750 modified arrow wing (W2) has lower
minimum va uoo
untrimmed lift-drag ratio, than either the 75 ° delta wing (WI) or 70°-80 ° cranked

wing (Ws) throughout the Mach number range of the investigation. At transonic

speeds,-the highest values of lift-curve slope occur for the 75° delta wing (WI).

A comparison of the longitudinal stability characteristics of the three wing

planforms with horizontal stabilizers off indicate that the low-lift stability

(_CmI_CL) is approximately the same for each of the wings throughout the test

Mach number range (fig. 10(a)). The variations in pitching-moment coefficient

associated with the three wing planforms indicate slight stabilizing effects

above CL = 0.20 at low subsonic speeds (fig. 3(a)) with the largest increases

in stability noted for wing 3. These increases in stability were greatly reduced

at the higher Mach numbers (fig. 3(g)).

The effects of the addition of the horizontal stabilizers on the longitudi-

nal aerodynamic characteristics of each wing configuration are presented in

figure 4 at various Mach numbers. An increase in the low-llft static margin of

approximately 5 percent results from addition of the stabilizers to the 75° delta

(W1) and 75° modified arrow wing (W2) throughout the Mach number range of the

investigation, and an increase of 6 percent in static margin results for the

700-80 ° cranked wing (W3). (See fig. 10(b).) It is interesting to note that

changing the horizontal-stabilizer dihedral angle from -30 ° to -60 ° caused no

loss in static margin and even increased the static margin at transonic speeds.

This result is apparently associated with a strong mutual interference between

the body and tail. Rather low values of horizontal-stabillzer effectiveness are

prevalent throughout the Mach number range for the horizontal stabilizer at

Ft = -50 °, with slight increases in effectiveness accompanying increases in

Mach number (fig. lO(b)).

Figure ii presents a summary of the trimmed lift, lift-drag ratio, angle of

attack, and corresponding values of _CmI_C L at Cm = 0 from M = 0.40 to 1.13

associated with deflection of the horizontal stabilizers to -10 ° incidence. The

values of (L/D)trim are not maximum trimmed values, since trimmed (L/D)max

would occur at tail incidences less than -lO °. The figure is presented, however,

to show that moderate deflection of the horizontal stabilizer is sufficient to

trim the configuration having either wing l, 2, or 3 at moderate lift coefficients

_ ......



and angles of attack at all test Mach numbers. Static longitudinal stability

exists at CL,trim for each configuration tested at all Mach numbers. Suffi-

cient longitudinal control is provided by deflection of the horizontal stabilizer

to it = -i0 ° to trim the configuration having either wing i, wing 2, or wing 3

to approximately 7° to !0 ° angle o f attack at all test Mach numbers. (See

figs. _ and 12.)

Because of the necessity of producing moderate to high values of lift and

lift-drag ratio for the configuration during take-off or landing, at angles of

attack restricted by both pilot vision and ground clearance considerations,

summary plots of the low-speed trimmed lift and lift-drag ratio at the corre-

sponding angle of attack and at a Mach number of 0.40 are presented in figure 12,

along with the horizontal-stabilizer control-effectiveness variation with angle

of attack. Low values of CL, trim are shown in figure ii for all configura-

tions. Values of CL, trim of 0.70 or less were obtained for angles of attack

less than 16° , which may be considered reasonable as take-off or landing atti-

tudes. The resultant take-off velocities may be expected, therefore, to be high,

dependent upon configuration wing loading. For the present configurations_ where

design take-off wing loadings are approximately 37 pounds per square foot, lift-

off velocities may approach 200 feet per second.

The addition of outboard vertical tails to the W2BH configuration at a Mach

number of 0.40 (fig. 7(a)) produced an increase in lift-curve slope near _ = 0°

but indicated losses in lift coefficient above 4° with corresponding reduction

in the stabilizing effects of the horizontal stabilizer at high angles of attack

noted for the outboard vertical tails off. Figure 7(a) also indicated that

addition of the outboard tails increased the minimum drag of the configuration,

but reduced drag due to lift. These effects, when combined with the reduced

stability at high lift, result in improved (L/D)tri m at CL > 0. i0 and the

ability to trim to higher CL with a given tail incidence. The 75 ° modified

arrow wing configuration having the horizontal stabilizer located below and

behind the wing appears to offer the most efficient subsonic to transonic aero-

dynamic characteristics, compared with the 75° delta and 70o-80 ° cranked wing

configurations tested.

Lateral-Directional Characteristics

A summary of the lateral-directional characteristics of the 75° modified

arrow wing and various model components in combination is presented in figures 8

and 9- The effects of the addition of the small center vertical tail (VI) indi-

cate an increment in positive Cn_ of approximately 0.004 realized from addition

of the tail, with an additional incremental increase in positive Cn of 0.002
o

produced by increasing Pt of the horizontal stabilizer from -30 to -60 ° . (See

fig. 8.) Directional instability occurs, however, above i0 ° angle of attack as a

result of the large destabilizing effect of the fuselage. This effect is a

result of the increasing instability of the body with angle of attack. Similar

results were found for a fineness-ratio-10 body, having elliptic cross section,

9
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and a vertical- to horizontal-axis ratio of 2.5. (See ref. 4.) There are little

or no effects of increasing Mach number on the directional stability character-

istics of the configuration.

addition of the large center vertical tail (V2) and out-The effects of the

board vertical surfaces (I/o) to the 75 ° modified arrow wing configuration with

the horizontal stabilizers on are presented in figure 9. Positive values of Cn_

are indicated for the configuration having the large center vertical tail and

outboard tails in combination up to angles of attack of approximately 16° at

M = 0.40. Similar results are noted at the higher Mach numbers. All configura-

tions tested indicated positive effective dihedral at all positive angles of

attack and Mach numbers.

SUMMARY OF RESULTS

Results of an investigation to determine the effects of wing planform on the

transonic aerodynamic characteristics of a preliminary design horizontal take-off

and landing recoverable booster configuration may be summarized in the following

observations:

i. A comparison of the transonic longitudinal aerodynamic characteristics of

the 75 ° delta, 75 ° modified arrow, and 700-80 ° cranked wing configurations,

having approximately equal planform areas and maximum thickness ratios_ indicates

that the 75 ° modified arrow wing exhibited lower minimum drag and drag due to

lift, and higher values of untrimmed maximum lift-drag ratio, than either the

75 ° delta or the 70o-80 ° cranked wing configuration, throughout the Mach number

range of the investigation. The low-lift aerodynamic-center shift due to

increasing Mach number was approximately equal for the three wing planforms.

2. The horizontal stabilizer which was located below and behind the wings at

-50 ° dihedral, indicated rather low values of control effectiveness at low angles

of attack. However, large increases in effectiveness accompanied increases in

angle of attack. The horizontal stabilizer was sufficient, however, to trim the

configurations at moderate lift coefficients and angles of attack at all test

Mach numbers.

3. The 75° modified arrow wing configuration having the horizontal stabil-

izer on at -30 ° dihedral, and the small center vertical tail, exhibited direc-

tional stability to approximately I0° angle of attack. Increasing the area of

the center vertical tail and addition of outboard vertical tails_ located at the

wing tips, increased the directional stability of the configuration up to an

angle of attack of approximately 16° , with slight reductions in lift coefficient

above 12 ° angle of attack resulting from addition of the outboard vertical tails.

The modifications to the vertical-tail geometry had little or no effect on the

low-lift longitudinal aerodynamic characteristics of the configuration. Only

slight effects of increasing Mach number on the lateral-directional character-

istics of the configurations were noted.
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4. The largest directional destabilizing effect at the higher angles of
attack was causedby the fuselage at all test Machnumbers. All configurations
exhibited positive effective dihedral through the test angle-of-attack range and
at all test Machnumbers.

Langley Research Center,
National Aeronautics and Space Administration,

Langley Station, Hampton, Va., February 29, 1964.
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(a) Side view. L-63-5_07

(b) Plan view. L-63-51_08

(c) Three-quarter side view.

Figure 2.- Photographs of configuration WIBV2H. Pt = -300; it = 0°"
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o W/B V�

o WeB Vl

o w3Bv_

-2
-8 -4 0 4 8 12 16 20 24

e , deg

(a) M = o.4o.

Figure 3.- Effects of wing planform on the longitudinal aerodynamic characteristics of the
configuration having horizontal stabilizers off at various Mach numbers. Small center

vertical tall (VI) on.
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(b) _ = 0.60.

Figure 3.- Continued.
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Figure 3.- Continued.

8 12 16 20



._ o
4-_

0

t_
-,-4

O01_LZZ-- ._.-L 23



%

tti

.°..

!.:!i

,,.

°_

_ ÷-

°+*

fit

,

tr_

!

]ttiitL

T:I:II!

4

i i,,_ I

t!i_i]I

..... i

: [ I .

!z

.++

+.+

tt _

:I:

.+.
,+.

:!+

ill

i!.

i!I

,+.

t:t;
tT_2

Ii II

t!!'

!

• _'q 0

0 •

C3

24 L -: IT, i m



fill ....... T,

.6

.5

4

.3

.2

./

0

-./

-2
-8

!r!!i!!]

;il;i;il;

T]!T!{!T;

_iiiiiii:

!!!;!!!!r

iiiiJLiJL

iftittli_
HI!]IV!

!!!'H!!:

iii._Lii:

T![T![!T:

iiiiiiii_
T!rT]!!! _

;11;1_11,

!!!T!!!!:

H+.,,,I.

!!?!!!1:

N!!!!!_

HH!E!!?
ffffl_lf:

-4 0

0 W� B V/

W_B V/

<> w_ev_

/6

(_) M = 0.90.

Figure 3,- Continued.

25



!

I"

,.M

0

m
0
0

v

2G



r_

o [] 0

0
,-4 c)

_ ,
0 •

rJ _

I

|

D S--'- '_,I--_.L 27



.6

o W� B V�

[] wzsv_

.5

4

.3

CL .2

.I

0

-.I

-.2
-8 -4

(e) M = o.99.

Figure 3-- Continued.

8 12 16

28



©

I"

I"

_D

.H

0
_I r_)

0

r_

T.S-J'___ - 29



ili!!i!i!11ii
!:IttT!TitT:T

:T!!T_T!Tt:H

it'i_it,itlt

;i;ii;

UFtl

_!iil;

lll]il

_Ar_T!

T!_tt!

fft_t 1

ll_t[:
T!dU L_
_+÷+,

{++++_

ii2;i:

!!T!!:

!!1U"

.._÷÷,

!!!:!

_11:1:

TI[;]

I1:11

],:I:

!!!Tt
+_+÷o

T12tTT
÷t+÷+-

fld _ t

+_+÷+

_5

_÷_

_ !t;1
TIT]]

T!:T7

ii21i

{:::}

!:::

++*

i't

tt;

"!!

!!:

it1

_44

+.4

if'

÷.,

!!:

it _ _
I

I"

_ o

0 •

"'_T _gT30 --^s--:7_--.... . "



o WI B Vl

[] Wz B Vl

o w3ev_

0

0 4

a, deg

(f) _ = 1.oo.

Figure 3.- Continued.

8 /2 /6

nnl ....... 31



!i

o o 0

:t::

i •

,.M

._ ocp

0

..M

32 CSL_.....___."_." "



On<>

_ 4 _

0

rD _



_/-_1%T r_'r'c',_ " 11,

.5

0

D

<>

W/B V/

w28v 

w3av 

.4

.3

.I

0

-.I

-2
-8 -4

(g) M = i.13.

Figure _.- Continued.

4 8 /2

34



_Y
0

4_

0 •
___

I

__-'__---T-__ 35



:iiii

,1[,

f:p-

"!t"

OG

4,;,

I!i'

f++,

+-t
''r
t-r

!:t
l;t:
4,;,

!i::
ft -÷

!..,
-+-_

t*+.
t,t_

!'t"

!i!!
tttt

:If

I

I

4
_D

0

_ ,
© •

CD rex

v _

36 _^'_--_



cL

1.2.

I.I

/0

.9

.8

.7

.6

..5

#

.3

.2

0

-./

iiiii ii il i i:
i:! _ _ i_i _ i !i

Z iil :! i/ H !Z!

:, i:!il _ !,!

ii i _ k _ ! !

i I
;ii_17 i!ii!il iii!

!ii_iiiii}iiii!!i!ii__iiiii
, ill: i!: ¸ i ¸¸¸

;!i<i'ii<!i ]i'ii:i
i!!!! _!!!!! !i![!i!!!! !!

ili!i_

[i:i

Ziiili iliiii ' ilii [i

o

[]

0

:! !

-----T

!7i![ 17
!Z"_ ii<

i!!ii[i[iil
kUi ]

_'H_:::i :IIFI::I
i iiiiiii[ ili!iil

i%i_i<ii<

Wl BV/ H

W2 _ V1/-/

W3BVIH

W2BVIH

......!
i

Z. : ..: ..

i

:i

!

: [: i

:;[}
i

i:

.2 i i:i iii ii:, iii i _Jii iiii :i i
-8 -4 0 4

!!ii:U

!:iH i

H

i_i̧ ¸¸_

i:i%i_i!_ii%

ii_iiii_iiii_ii

-'-+'-- _i +_!
.... 1i_i ii]

6'

a, do_

_,deg i/,deg
-50 0

- ,30 0

-_o o !

-_o o ii

_.: .:i .iiLi:..Z .i_ =.i

i f,'[:

• , ;,_ -_

:i:!i

i ......... !!Z

i:.i
ii ill;i;

_i,iii!_i! !: :i:iii

ili;I i:;i ::i!::_[i

12 16

il !ii iii
i[i iii 7

ii: ii[ i!_

Z !i! iii

ii:i _t

i:1 i:_

iil iil
!:! ii:

ili ili

!ii _ii
:ii Zi

_ii Zi

ZI ZI

2! .;i
H

Z

i_i :il
ii Zi

!i !_!
iii i_i

H: !i

ii iii

ZO

(_) M = 0._0.

Figure 4.- Effects of wing planform on the longitudinal aerodynamic characteristics of the
configuration having the horizontal stabilizers on, at various Mach numbers. Small

center vertical tail (VI) on.

37



- - _q,m_ _._.,,_mlm _,._,..._

_F

i

r:

I! ¸

*+t

iT1

._+

÷,

!T:!

iiiil

!f!i

;ll!!

i!It!

fttf 

;111:

'!!t'!

iiiii

tll"t

i.

'1

+.

ii

!t
LL

!:

._ or_
4_

hi?



%

I

...... ='IT nT 39



lO

Ft ,deg it, deg
0 W2B VIH -30 0

n W2BVIH -60 0

0

-4 0 4 B 12 16 20
o, deg

(b) M = o.6o.

Fi@mre 4.- Continued.

4o I_. .... _,_II_ ¸



r._ ' i

0 []

%

@

!

o 4_

._ oc_
+_

©

....... 1TIT_T; _-i



i I

i °

I

42 _"



Ft,deg i_,deg

o w/BY/H -30 0

a Wz8V/H -30 0

0 W3 B VI H -30 0

V W2 8 VI H -6'0 0

0

0 4 8

e, deg

(e) M = 0.80.

Figure 4.- Continued.

/2 16



_9

!

%

4-)

0
• _ C9

m, I
0

bD

44



flrll .........

2
%

°_D
o
.C, i
©

0



0 W2 BV/H

[] W2 B VI H

0 W 3 BI//H

It, deg

-30

- 6"0

- 30

it, de9

0
0

0

.I

0

./

0 4

a ,de9

(d) _ = 0.90.

Figure 4-.- Continued.

8



0 oo

_r_

0

v

I"



' ii ;
, .i !

t _-L
i::i

T

2!::

_t

..

i i
_sa_

_t

!:il
! .+._

t:! i_

i:'!iI
t

.i.x !,

- ti •

!!

%

I I

I-

%

H_

7 IT1

# i:1 m

+, 4,,

4 1ii

[ F;
t I*,

t i'i

I ::i
i' I

i.i

..[ i:1
I : i

• 77-,-

:li!
• +,+-

i ,<<

• +,_.
+ .+.

÷ _.+.

i :[:_

ItI:

i

o

4-8 ..... TIlT



(]1 ........ -_.

0

[]

0

ft,deg it,deg
W2 8 Vl H -,30 0

W 2 BVIH -60 0

W3 B VIM -30 0

CL

0

(e) _ = o.95.

Figure 4.- Continued.

' !ii...........ii] !I: .:U iT:i :::

[! rl ":i :I_L

• _T:if::: 711

., !!: ;:: i!!! !:!

., iiii!iii:_;..__!!
x!l iii

il ::_i!i!:I:

ii:; iil ;:1; i!:! ::!4 :;i

IXl "i
:::: I;H;:T[:l?i[ i]i;l_: -'::t:

_i;:t::i;iii._':
:fl:

FI! it; ;i:: i:ii]':t' [i!ilii iii ii!i _!!i!_!_

_-, !?ii i::
I!;i i_ii!ii _:
!t-_ Ht

[5t F* ?_i1 iitsIF_ _::

....i i:
,. . UU ii

8 /2

,"_ ; 7U
!:i : :',
• i i i

-2:4 ;2_

;;;; 2; .:Z_

i1_ _._

ii: i
::;" ii?i

::il !! I::1

;11: ;: t:: I

:ii !F:

i!i ii i:!i

i;i iI ii:_i

16

0...._ ...... k.__ 49



PP....... _'I,

"_. qb qb _

0o0

%

÷l+_÷+÷.

T!T!!!!:

!1 !:t¸i
TI!1T_!T

T] rT td ! t

TT1tTT_
++;4+--'4 +

!!!!TT!T

il liilil!

H_++_ _ _ ÷

tHiiiiii
I I I I I i I : i

i i _tj4_j
+4+-+-_ _ [II

_:FFt_FA.i

', I I I : I '. :

F1i_H4-H4

iiiiiiH:

, , , , , , , ,,

lll_i.!:

!1!1!!!

-t_N_H1dd

: : : : ::

--_--+--+_ ÷ t-.

LJ,i_ LH._
: _ _*+*+

: :: : : : :

1-111t_-i

id-TTyl_
II11III

_1111ll

llliiii
!!!!!!!

i i i ii_l-

IIIIiil

LL_JJH
iiiiiii

_+

-!T! T

_J2_±

_Trt]

r ++_ ÷

[][1_

I][IL

::;:;

iiiii

._ o0

0

_ g

90 _n........ T



! I

!



0

[]

<>

v

.z ,, _ _ _ ili•ii!i_ _u! !I_ :u _< iil ii_i

it': ,u, _li: :_!_iJill
.6' ili :_: i_ i:i _:L

" _i}i!i!!!!uii'i

:71 [iil:!I:i:t.:i:U:!!::= !i[

!i'::ii:'_.... ?tl _!_i?:,!r!ii :il !!_

i_! .z_._F!!!!!ii!a:;ui! !i::

i:_:.iiii:.:_!i:,i:i_!!__i:i:i!iii!

•! ii!ii!i!i!!i!ii!iiliiiiii!!iiii

ii!:: _!iF:7i_,.:{i

-4 0

-.I

-.2
-B

(r) _ = z.oo.

Figure 4.- Continued.

52 C?'_'2r'l....... ,.,_.-



%

@

I

._ oo

I
©

,:^':__" .... T nT, _3



%

!



o W_aV_H

[] W2 B VIH

<> W3aV/H

v W_eV_H

I't , deg

-30

-30

-30

-60

it, deg

0

0

0

0

0

4

(g) M = 1.13.

Figure 4.- Continued.

8 /2

55



_ E3 _

_._ I I I I

%

._ oL_
_J

I
0



L_

i t

%

%
%

!

rc_

© •

v _



II

It,de_ it, deg
o W/BVIH -30 0
n W/BV/H -30 -I0

0 W?BViH -30 0

v WeaV/H -30 -/0

"q W38V/H -30 0

W38V_ H -30 -I0

.8

CL .5

.I

0

-12
"8 -4 0 4 8 12 16 20 24

U, deg

(a) M = o.40.

Figure ),l Longitudinal control characteristics at various Mach numbers associated with deflection

of the horizontal stabilizers_ for the configurations having the 75 ° delta, 75 ° modified arrow,

or 70o-80 ° cranked wing. Small center vertical tail (VI) on.



%

_D

¢_ 4-:'

0
.,-I

0
rD I,_

_. _. _ _.

_::._'TL'_:_:::T_'± ,, 59



i:i:

%

i i

I %
fT. _

!i-

!i ,-4
ii

_t: t 0

t, t

iii '_.

t, I"

!:

4_

_L

_ Q3

÷.

I

0

_ ,
© •

t_

6 o z z 2 _ l z] _ z . • _I



CL

0

/"_ ,deg
-30
- 30

-30

-30

-50

-30

ili ii!

::.it!:i:t

it!_ii

iiii i_:
it!i!

!d:i

iii)il;

!iliii

!! I:I:

i_, de_
0

-I0

0

-I0

0

-I0

i_ii ii_,_i_ii

;i;i!ii! i!!i]_il:_:

ii]! i!i i_:1

.... ii,,i

:i !i! i:,! i!',M_7:: :::

;¢y! .... _:

E:_ U.':

!ii[ i iii_!H.' i

_ _I:i !f i:*;i::; iTr:

!i!ili,.ii!:ii::tq!ii:i:t:i
_ !i___ _ !_it!!ili:i? i. !,!i!_ !

:i'.: l_k_ i!;, :1:! _:;m, : li!l? ]ii

4 8

flu

]i;[;;

I[ :i;

I-t,k.;

!iH!_i

;i:l_i;i

12

(b) _ = o.8o.

Figure 5.- Continued.

I



or'; 0 D.v _

o

0

g



I"

%

!
I

_ 63



cL

0

it,deg

0

-I0

0

-I0

0

-I0

-4 0 4 8 12

a, deg

(c) M = i.i3.

Figure ),- Continued.

64



r_' i i i ii i

o o 4> I>. 17 I;7

ti!¢]'tll 1:!1 tti! tt_i
' ] ! I

:tf 11ttl !17! ..........

I i I j J [, L + i ...............

J

mb

I f

f

. +

+ +

÷ ÷

_ +

+ +

_ +

%

4_

0 *

U _

v _



I

t"

I

66 ??'---'_L'__'_IIT_TI,I



12 F t,deg it,de _

o - 30 0

[] - 30 -lO

0 -30 -20

v - 60 - 20

CL .5

4

0

(a) M = o._o.

Figure 6.- Effects of horizontallstabilizer incidence and dihedral on the longitudinal aerodynamic

characteristics of the configurations having the 79° modified arrow wing (W2) at various Mach

numbers. Small center vertical tail (Vl) on.

67



@

,l.J,.

_+_.

i1:1_

_ .+÷+

::::_

-T-.t:

t:!!!

._+_

iiii

)It_I

+.÷+

+.+_+

Tt:f

'ttt!
,++++

tt-!!'
, ++++

.,_ o°
_ t

r._ M)

.,-1

68 _



:i.i:̧

;_i!ili
TtTlt

_b

G)

o

_ ,
©

b.S



•rt,deg it,deg

o -30 0

n -GO 0

0 -30 -20

v -GO -20

eL .4

0

- 4 0 4 8 12 16 20

o,deg

(b) M = o.6o.

Figure 6.- Continued.

7o



c

_b

0 O0 _

©

11::

+_.

L.II

ill!
)iII:

.+++

+.++

iii!

+_++

-+ +,,.

!:::

_÷÷_

++++

C3

_ 0

• _ rJ
4 _

0

{.-) ',.C)

v _

...... "--"I_ iT m



I" !

I"

.t

.1

71

_T

l

t_

%
I"

!

o
0

o

oo @

°_t

72 ...... .._



CL

0

0 4

@, deg

(c) M = o.8o.

Figure 6.- Continued.

8 12 16

_,UT------T nT 73



o o K> I>.

©

I"

,6

C,

-p

0
L> _C)

v _

?4



I



0

l_t,deg it,deg

o -30 0

n -60 0

0 -30 -I0

0

(d) _ = 0.90.

Figure 6.- Continued.

iL _ii

;t 111

_i ill
!i !!_
!i

ii _ii

[!/
,/

i; !i:
1[ ill
i[ :ii
:! !ii

i_ i!i

!_!i!

;!F
_i i!!

i] tlt

I_ !i!
ttiu_

t!t

ii_!ii
ill _i_
Ti:"
!I_!i!

:i! ;H

_4ii_i!!!i!i!!!
--I f+:Z_.-,lttt t

! 14 ! _Jll_ : : ! l ', i 't _;

::_'.iiF!?i!F!! li

.4._i_j!'_iiiii_it
-r-ttrlttl_N !t

F_iiiu'rlm ii
I" [Iif_i!i{!,!!,__I,

I ::'l;tJlltll i i I

"it '_ I !i ']

,;I Ill[ I:

ilII ]II!!i5?!
::IIi ir,i ,:;

H: ;1

!!!!;;;;;:','[11[ [i

iqi;7,'j.;;!ili !i
lil[llil]i;;I;;;;

I Hff!Itl_t¢lt .....

,,,, ......... ;:[: :"

]11 ]_ ,,Hi;i[ [[

; :,]!IFFII[_

:;|UI HIll1|:',::

'riCH Ht!tlt':r- :i

iiiiiii!:/:iiiiii::::
iii'""_'"':l! IL
:ilIH H*,:::;::H t:
.lllftfttillt,,_. *-

"tlttitHttH!t:_ !_

:4iiiiiiiiiiiii_i_I
MHM!!!tlIil _i
;lll;;l;;;;li_iI ii;

_l_l:;I;;;lliiII

/,_]!F!F.5:![!F_:
:!IItlltl:::IF;FT +;:

12 16

76



_l I I I I

[!! ,,_

711 dtt

t!: tiT

f_; T;f
+ > ÷ ,_ *

_T_ r! +
+ + + ÷_+

+ _+ ++ +

: I I : I :

÷ _÷ ÷ +-+

t_t _ +t_--

TrT- T H
- ÷ l-+ _ ÷ +

-TT!- TT7-

{b

%

i •

O)

_ 0

r.D ',D

©

,,,_ TT



I

I

e_ | IIIII III -- ---



cL

.7

J"t , deg it, deg

o -30 0

a -60 0

<> -30 -I0

v - 60 -20

!tli!ti!i!t!t!t_itii!'i_i _i_i_i_
.6 ,ilitt!t!tttilittiti'it_!_i_iIiii:'"i_,_!_

:titili!i!t!t!tf!i!t,Iiii_ _'_

!t!t,fi!i,tlilti!it!li!i:i
..5 t_t:ji!t_f_!_!_!:jti!ii_i!_!:!_:tlit:_!i!ji

fitIItititi!i_fli_:i!It!t!i!iiii!i_ !_llt[!j!

.4 ifi!t!i!tt!ititt:_!il_,__''_fi:.ihi:,"....i!i!il:._ii!:!l'
t_t_lt.'I_fit_t_t:litii!ii!i!f!iiitiii!i_iil

.3 tititi!titi!i!ti!il!i!ttit=_i4__4ii!_!Ji
_htILtthhthh:iti[it_1[_!il:_,_:,_!=:iq
i@!i!t!tilt!titifitit!il!tit!l!i i!i

titittitl,ili ti,i !i!ititi  ....
,tttti.ttththhI[it!t!Iiitll!i!_4q!i_:_
itt!li['4tH!if!t!tlI'_tiiti!'fi_:t[i!_i!tii_
tifitfitit_i!ti!itift!_fitii!i!i!I!!t!__

-.1 _ti,hhtttt[ltt__' _ !i!l!l_:tititii!til
_t_titit_!_l_,!iiiili!iiiit',[![!t'.
_t_ittttt_ I!lliti!!t!t!tit!titilt!_l

-.z _iititi!_i!i liltt:_tii!i"_i!Ii!tilI!i!t
-8 -4 0

.... i!iil iii: .,_,t_:_ :!i_ H:! ii

ii!i '':_,i_i!i#] iiii!!

_ii_i i!il i_!!_i[i_iili!,,ti!i I_!_........iiii'iiii'i!ii ,,, ...... ,:

!t!t!titti!ititi_iii_ _iiiiii iii_ii!i
i!tl i!l! !t!i_I_tti!l'P"" i!i! '" i!!i .,,

ilI:i!i!!t!tti!]iiitilti,_if}!_iti!ii_!!!it!titi!i!!tti!i!if!

i!t_i!if ti!iti!it_hiiiiii!i!_ :_:,!i!t!t!!l!ii_tiiii_!i
titiiitiitilit:it_t_iti!Ii[ii!i[itiilililili!ii_,,_,,_:._

tiIi!itigti!itl],ti!tt!tli_:[iii iiiitiitiiiti!ii!!_;I!_,:_.._:

4 8 12 /6

a, dep

(e) _ = _.oo.

_L_.=e 6.- Oon_£n_e_.

......... ?9



% O

u
0

g
,,-4
r_

0 o <> I>

%

I"

........ TAT



% %

C3
I

%

i

I



4

l_t , deg i t , deg

o -30 0

a -60 0

<> -30 -10

v -60 -20

0

-4 0 4 8 /2
a, deg

(f) M = 1.13.

Figure 6.- Continued.

82



!!

It

C_

%

I

%
I"

g

0
r__

..p
cl i
0

_0

v _

.:::._.. -----!T 83



'"'ll:I!l!:!!illi

;.it, . i_ ._i

.!!-! T_-_ r_ _

i_ii!liii!iii_

;!il;ii

:t:! T i:ll
i!iilii!:I::.i,._!_ -

.............._-_-!_!ii!li!iii!i!

:i i;iiili!ii,!i:

7tTi iii. II_Z .... I_._T

,I I, I,

_" 21Z_L L2L2+' , +_

on<>_ , " _

_::_ iiii!i!il I i

iti 4;
''" _t

!1: t

r:l il
!il !

T[: :I

• 1_ li

, _

!::!4!_
i I I

22! ¢_

:I: Ii
I' 1

!i; :1:

;!! 4al

_3

I

@

_ or_

o •
r_ ",.0

84 _ 7Z__,, ,L



2

0

(a) M = o.4o.

Figure 7.- Effects of addition of outboard vertical tails (Vo) on the longitudinal stability and

control characteristics of the configuration having the 75 ° modified arrow wing (W2) at various

Mach numbers. Center vertical tail off.
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Figure 7.- Continued.
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Figure 8.- Effect of small center vertical tail (VI) on the lateral-directional characteristics

of the modified 75° arrow wing (W2) configuration having various model components in
combination.
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Figure 9-- The effects of verticalmtall size and location on the lateral-directional

characteristics of the modified 75 ° arrow wing (W2) configuration having various

model components in combination.

9T



c_

%

0

-.005 ::_:_i iI

:i:: ::]i !I

::=:I:1!

-.0/0 :i.:::i;ii!

:iz: ::!:.i:L

-.o_5!_!4....lii....._i!!i:i
::ii!:ii:_

.O0511:iti![_

0 ii:
!i:

-omiii!!iii_i

?!i
.... I.......

.002 !_!5!!!!i_:)

0 ::ii:i::!_

..... 1:_

-.oo2---:ii: ....,,

:n:::i: i:i

-.004 :::I:i::

-006 ;i r :it:r:

-/0 -5

::I!

:ii:

:::!

0

....+:li:: l:t:::_

i!i!t:::: ::i::i:
i-ii:::* iii_!i!_

iiiifii_i_77i
4_+]ifl.4F-! ._!.iI

  !:ilil!iil
]!i!it::bb_.:l!!li

ii!i!!ti:ii_

!!::I
i::iI
i::!!

il:il
+_.++

iilii

+÷+4.

ii-.|.-i+it-_ ;i.li. ll
_I''1I?1!'! .... Fi'!_l

,:_ _:ii:!ii!i!i:iii!i

_,=!iiii!ii!!i]!i,!ii!

'ill! I ........ I .........iiii iiii'2iii:_:ii

_,;Itli_:_l:ilil?iiiii!il

:,i:l!::i!i!_ti:!:it_?_
i'i1111'11,iliill

'] ! * !'!! ii:_!:'i

2;.I::[:1',?! !!:!i:!:;
l:J :ii: I::: :;::i:: :

1[: it!- ! i! _. _.._
1:::_]t:;i !it:__t:iiiii2i

:it! i:!i:ii:! :!!! !;::

Ft, de_ it, de9

W2 B Off Off

W_BV_ Vo Off Off

W2BV2VoH -30 0

wesvo H -3o o

i!iilii!iiii!i
iii_iilliili

:i:i!:i_i!i;!iI:iI
5

a,de_

-!I

I0 15 20 25

(b) M = o.8o.

Fi_{ure 9.- Continued.

,,_ m,lqfj98



.010

0

.010

.005

0

%
-.0O5

.OO2

c_

(c) M = 1.13.

Figure 9-- Concluded.

25

......... 99



c_ ....

0

:08

-- WzBV z

...... WeBVI

--- WjBVI

0

4

(/LID)max

2

0 4 .5 .6 .7 .8 .9 lO 110 L20

Mach number, M

(a) Horizontal stabilizers off.

Figure i0.- Effects of wing planform on the summary longitudinal aerodynamic parameters

O,/D)_, cD,±l%2,!and _I_7-'_/_Lat various Mach numbers.CD,o,

c_,

i00 .......



0

PI , deg

_ w_8V_H -3o
..... W2BV_H -30
----W3BV_H -30
.... w2ev_ H -6o

2

O3

.02 CD,o

OI

0
0 .5 .6 .7 .8 .9

Moth number, M

lO II 12

(b) Horizontal stabilizers on.

Figure i0.- Concluded.

_nll..... ,'_ i01



-- W/ B V/ H
...... W2BV, H
_--- W3BV/ H

it, deg
-I0

-I0

- I0

-./6

-./2

_Cm
-o8 -'_-CL

-.04

0

.3

•2 CL, trim

/2 •1

/0 0

8

atrim , 6

deg

2

0
0 .4 .5 .6 .7 .8 .9 lO /I 12

Mach number, M

Figure ii.- Summary of the trimmed lift and lift-drag ratio characteristics at various
Maeh numbers for the three wing planform configurations.
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